Introduction
Recent exploration drilling has resulted in significant oil discoveries in the Cretaceous Nanushuk and Torok Formations in and near the National Petroleum Reserve in Alaska (NPR-A). These new discoveries have spurred exploration activity in the region and have increased demand for enhanced information regarding the oil-resource potential of these formations.
New U.S. Geological Survey (USGS) estimates of undiscovered, technically recoverable oil and gas resources in conventional accumulations across the entire onshore and State-waters extent of the Nanushuk and Torok Formations update previous assessments for these two formations (Bird and others, 2005; Houseknecht and others, 2010) . This fact sheet also includes a summary of 2010 assessment results for older rocks in the NPR-A; no updated assessment was conducted as those rocks have not been penetrated by exploration drilling since 2010, and thus no new information is available about their oil and gas potential.
Recent Oil Discoveries
Prior to 2015, about 150 exploration wells had penetrated the Nanushuk and Torok Formations, yet oil production had been established in just one small oil pool (less than 10 million barrels of recoverable oil [MMBO] ) in each formation. The potential for undiscovered oil accumulations in both formations was recognized in previous USGS assessments, but the size of undiscovered pools was considered to be modest based on historical exploration results (Houseknecht, 2003) .
Multiple oil discoveries announced during [2015] [2016] [2017] in 2015 and followed by the 2017 apparent confirmation of an extension of the same oil pool at Horseshoe, 21 miles south of the Pikka discovery ( fig. 1 ). Industry estimates suggest that the Pikka-Horseshoe pool may hold more than 1,000 MMBO. Discovery of the Willow oil pool ( fig. 1 ) in the Nanushuk Formation was announced in 2017, with estimated resources of more than 300 MMBO. A significant oil discovery in the deeper Torok Formation was announced in 2016 at Smith Bay, less than 1 mile offshore from the NPR-A ( fig. 1 ). The industry announcement of the discovery suggests that the Smith Bay oil pool may contain more than 1,000 MMBO.
The ultimate volume of oil that may be produced from each of these discoveries will remain uncertain until development drilling and oil production are initiated. Nevertheless, a sufficient amount of data is available to confirm that the potential size of oil pools in the Nanushuk and Torok Formations is larger than previously thought. Moreover, availability to the USGS assessment team of three-dimensional (3D) seismic reflection data in the northeastern NPR-A and adjacent State lands and waters provided a capability to estimate the number and size of seismic amplitude anomalies, which are considered viable proxies for undrilled prospects.
Geological Framework and Definition of Assessment Units
The Nanushuk and Torok Formations together form a huge wedge of sediment deposited in a deep water basin and are preserved north of the Brooks Range beneath the Alaska North Slope and adjacent offshore. The Torok Formation was deposited on the floor of the deep basin and on a shallowing-upward slope and includes potential reservoirs in turbidite sandstones. The Nanushuk Formation was deposited in shallow water and includes potential reservoirs in deltaic, shoreface, and fluvial sandstones. The largescale geometry of these sedimentary deposits is preserved in the rock formations and imaged by seismic reflection data ( fig. 2 ).
The new discoveries in both formations involve oil pools in stratigraphic traps concentrated along ancient shelf margins. Stratigraphic traps display subtle geometries that are challenging to recognize using seismic-reflection data. However, application of innovative 3D seismic techniques improves exploration success rates, as indicated by the recent Nanushuk and Torok discoveries.
The USGS used vintage two-dimensional (2D) and recent 3D seismic data, where available, and data from exploration wells and outcrops to map the distribution and internal geometry of the Nanushuk and Torok Formations. This research resulted in the definition of three assessment units (AUs) in each formation ( fig. 1 ). The Nanushuk Northeast and Torok Northeast AUs are defined by the geometry of a distinctive boundary between the two formations (shelf-margin trajectory) (Houseknecht and others, 2009 ) that suggests favorable conditions for stratigraphic traps to have formed during deposition. In contrast, the geometry of the shelf-margin trajectory is considered less favorable for the development of stratigraphic traps in the western part of the study area, resulting in the Nanushuk Northwest and Torok Northwest AUs ( fig. 1 ). The Nanushuk South and Torok South AUs are defined by the presence of large-scale folds and faults and by evidence that the rocks have been heated to temperatures at which oil is converted to natural gas. These geological contrasts between the two formations and among the northeast, northwest, and south areas were used to define key assessment input data (table 1) . The four northern AUs are inferred to contain mainly stratigraphic traps, with fewer combination stratigraphic-structural traps. The two northeastern AUs are inferred to contain mainly oil-charged traps with fewer gas-charged traps, mainly near the southern boundary. The two northwestern AUs are inferred to contain oil-charged traps and a larger proportion of gas-charged traps because of source-rock character and evidence for a northward gas flush during Late Cretaceous and early Cenozoic uplift in the northwestern NPR-A (Houseknecht and others, 2010) .
The two southern AUs are inferred to contain mainly structural traps, with fewer combination structural-stratigraphic traps. These two AUs are considered to contain mainly gas-charged traps because of elevated thermal maturity, with a small number of oil-charged traps. The potential for oil-charged structural traps is demonstrated by the Umiat oil pool ( fig. 1) , discovered in an anticlinal trap in 1946 and estimated to hold more than 70 MMBO (never produced).
Sandstone reservoirs in both the Nanushuk and Torok Formations are mainly fine grained and prone to reduction of porosity and permeability with burial. Deeper parts of the assessment units, therefore, may have reduced reservoir quality that jeopardizes the economic viability of oil accumulations. This issue is more likely to affect Torok reservoirs because they are buried 2,000-4,000 feet deeper than Nanushuk reservoirs in the same area ( fig. 2 ).
Undiscovered Resources Summary
Assessed mean resources for the six AUs in the Nanushuk and Torok Formations are 8,727 MMBO, or 8.7 billion barrels of oil, and 24,545 billion cubic feet of recoverable gas (BCFG), or 25 trillion cubic feet of recoverable gas, which includes 6,992 BCFG of associated gas and 17,553 BCFG of nonassociated gas ( 
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Torok Formation stratigraphic traps in these formations. The assessed resources are also not equally distributed, either spatially or by formation. The largest undiscovered oil resources are assessed in the two northeastern AUs. The Nanushuk Northeast AU is estimated to hold between 1,271 and 11,162 MMBO (F95-F5) with a mean of 4,862 MMBO. The Torok Northeast AU is estimated to hold between 466 and 5,417 MMBO (F95-F5) with a mean of 2,177 MMBO. Assessed oil resources are smaller in the northwest AUs. The Nanushuk Northwest AU is estimated to hold between 0 and 3,152 MMBO (F95-F5) with a mean of 1,146 MMBO. The Torok Northwest AU is estimated to hold between 0 and 1,379 MMBO (F95-F5) with a mean of 421 MMBO. Assessed oil resources are smallest in the southern AUs. The Nanushuk South AU is estimated to hold between 6 and 266 MMBO (F95-F5) with a mean of 71 MMBO. The Torok South AU is estimated to hold between 11 and 161 MMBO (F95-F5) with a mean of 50 MMBO.
Assessed gas resources are largest in the Nanushuk Northeast AU, with an estimated mean total for associated plus nonassociated gas of 8,689 BCFG. Assessed mean estimates for gas resources are substantially smaller in the other AUs (table 2). All six of the Nanushuk and Torok AUs are assessed to contain natural gas liquids (NGL) associated with both oil and gas accumulations, with the Nanushuk Northeast AU estimated to contain mean resources of 74 million barrels of NGL (table 2) . Table 2 includes a summary of results from the 2010 assessment of rocks older than the Torok Formation in the NPR-A, which were estimated to hold 86 MMBO and 14,732 BCFG (Houseknecht and others, 2010) . When those assessed values are added to the new results from the Nanushuk and Torok AUs, the oil estimate ranges from 1,754 to 21,859 MMBO (F95-F5) with a mean of 8,813 MMBO, and the total gas (associated plus nonassociated) estimate ranges from 5,507 to 112,932 BCFG (F95-F5) with a mean of 39,277 BCFG (about 39 trillion cubic feet of gas).
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For More Information
Assessment results are also available at the USGS Energy Resources Program website at https://energy.usgs.gov. Table 2 . New assessment results for six conventional assessment units in the Nanushuk and Torok Formations in the National Petroleum Reserve in Alaska and adjacent areas. Results of 2010 assessment for conventional oil and gas resources in older rocks in the NPR-A are also included for completeness (Houseknecht and others, 2010) .
[MMBO, million barrels of oil; BCFG, billion cubic feet of gas; NGL, natural gas liquids; MMBNGL, million barrels of natural gas liquids. 
